are seldom any warning symptoms such as tinnitus or giddiness, but, as Ker remarks, the patient is almost unconscious and does not complain. Foster and Gaskell state that deafness is less common in the posterior basic than in the epidemic form of the disease. In severe and protracted cases the deafness may only become evident after the return to consciousness, or it may develop more or less rapidly during convalescence. Rarely it is associated with blindness. Children as a rule become totally deaf and on recovery show a staggering gait (like the waddling gait of a duck) for some months or even a year after recovery.
Adults, on the other hand, according to Politzer, rarely show total deafness. Statistics as to the incidence of deafness vary very much. Hildesheim noted only one case in 100. Schottmiiller, in fifty cases, found only two (4 per cent.) suffering from deafness. Worster Drought and Mills Kennedy found permanent deafness in 4 per cent. of 160 cases (one case unilateral). Rolleston, in 502 naval cases, reported deafness in twenty-six (5'2 per cent.). Leszynsky, among fifty cases, had five with auditory nerve affection (10 per cent.). Gray states that in the 1906-7 epidemic in this country from 10 to 15 per cent. of the patients became deaf. Flexner gives a percentage of 12 to 33 in the pre-serum cases, and of only 3 5 in the cases treated by serum. Ker agrees that serum treatment has diminished the percentage incidence of deafness. He has only had nine cases of this complication among his last 216 patients. Three of the nine died.
In three the deafness was total, and in the remaining three it was partial or limited to one side. In most of the nine cases deafness was present on admission. (Ker notes that deafness is by no means the only complication. He found arthritis in 10 to 15 per cent. of his patients as a result of blood infection, and states that orchitis may arise in the same way.) Altmann states that of sixty-three cases which recovered twelve were deaf (21 per cent.). Dufays reports deafness in 25 to 30 per cent. of patients, and Alt records percentages as high as 37'5. In nine of the fifty cases observed by Alt himself functional examination could not be carried out. Of the remaining forty-one twelve were deaf-i.e., 29 per cent. In five of these the deaftess was present on the day of admission. The loss of hearing was sudden in all but one case. Alt notes that most of the deaf patients showed severe vestibular symptoms after recovery. The older the patient the sooner these symptoms pass off.
The deafness resulting from epidemic cerebro-spinal meningitis may be due to: (1) Hydrocephalus. This is probably the explanation of those cases which clear up after lumbar puncture, or after the recovery of the patient from the disease. (2) Purulent infiltration of the ependyma of the fourth ventricle. (3) Infiltration of the eighth nerve with purulent exudate. (4) Descending degeneration of the nerve structures of the cochlea following such purulent infiltration. (5) Purulent labyrinthitis. (6) Embolism of the internal auditory artery-i.e., septic embolism. (7) Otitis media ?
It does not fall within the scope of this paper to deal with the path of infection in epidemic cerebro-spinal meningitis. We take the basal meningitis as an established fact and proceed to review the pathological changes which lead up to deafness. The stages of neurolabyrinthitis due to epidemic cerebro-spinal meningitis appear to be as follows: (1) Purulent infiltration within the arachnoid nerve sheath in the internal auditory meatus. If the infiltration stops at this point it would appear that deafness may nevertheless occur either from changes in the nerve or from secondary descending degeneration-i.e., atrophy of the spiral ganglion cells and nerve end organs. Alt's third case appears to be an almost pure example of this type. (2) Purulent invasion of the perilymphatic and, later, of the endolymphatic spaces of the cochlea, vestibule and canals-the invasion occurring along the nervous and vascular paths. When acute purulent labyrinthitis has reached a certain stage'the pus may burst outwards through the windows into the tympanic cavity, and so give rise to meningitic otitis media. Even before such an actual bursting through occurs there may be congestion, swelling and infiltration of the mucosa of the window niches, with some exudate. Lucae, Heller, Nager, Alt (first case), Habermann (second case) have recorded microscopic examinations which showed this condition; our own Case III is a further example. (3) After the above stage has passed, if the patient lives long enough, there is formation of granulation tissue within the labyrinth. Habermann (first case), Larsen and Schwabach have recorded examinations of the labyrinth after death from epidemic cerebro-spinal meningitis which showed this stage. (4) Later on we have the formation within the labyrinth of new connective tissue and bone which partly or completely fills the hollow spaces of the inner ear. Alt's second case is an example, although the labyrinthitis had only existed for about eight weeks before death. Steinbriigge, Schultze, Moos, Scheibe, Baginsky, Theodore and Goerke have all recorded examples of this spontaneous cure of labyrinth suppuration with new bone formation.
(1) As an example of the results of the first or " purulent neuritis" March 9, 1907: Death. Post-mowrtem : Convolutions flattened and congested. Arachnoid thickened over cerebellum. Marked internal hydrocephalus. Ependyma thickened. Bronchi of lower lobes filled with pus. Microscopical examination of left ear: Internal meatus dilated, due to bony softening. A little pus present in the modiolus. The eighth nerve shows much infiltration between the bundles. Facial nerve less affected. Spiral ganglion cells infiltrated with connective tissue. Reissner's membrane depressed in basal coil. Membrana tectoria depressed and adherent to Corti's organ and Reissner's membrane. Corti's organ itself not recognizable as only a row of flat cells remains. Epithelium of stria vascularis not recognizable. Both scalae are free from pus. Sacculus completely absent and replaced by connective tissue. Saccular nerve infiltrated with connective tissue. Utricle dilated and its sensory epithelium not recognizable. In the canals blood corpuscles and pigment are present in the connective tissue of the cristse, which themselves appear shrunken. Bony and membranous canals almost unaltered. In the neighbourhood of the oval window there are strands of new formed connective tissue, with dilated vessels. There is some new connective tissue and bone formation in the region of the round window. The right ear shows much the same conditions.
(2) Purulent Meningitic Labyrinthitis (with Secondary Otitis Media).-Nager records the case of a male, aged 49. On the fifth day both middle ears were found to be normal. The patient was, however, completely deaf for. voice, noises, tuning-forks, and whistle both by bone and air conduction. On the seventh day the patient died. Microscopic examination of the ears showed the whole labyrinth filled with homogeneous or cellular exudate. Both scalee and the ductus cochlearis were affected. The cochlear canal was dilated, and only fragments of Corti's organ remained. The nerve endings of the vestibular apparatus were still recognizable but embedded in purulent exudate, while the perilymph space was -filled with inflammatory products. The footplate of the stapes was pushed out, and at. this Section of Otology spot there were small masses of exudate in the tympanic cavity-i.e., the beginning of a meningitic otitis media. The nerve elements of the modiolus were surrounded by inflammatory oedema and the cochlear nerve embedded in pus.
Goerke has examined nineteen ears from cases of epidemic cerebrospinal meningitis. In seventeen there were more or less widespread changes in the labyrinth, even in cases in which the hearing was good till just before death. In three of the seventeen cases the cochlear aqueduct was the route of infection, while in eleven the meningitis extended along the eighth nerve to the labyrinth. In the three remaining cases there was a combination of the two routes. Goerke notes the unequal affection of the different parts of the labyrinth, e.g., in some cases the intravestibular and basal portion of the cochlea was mainly affected, while in others the canals were specially involved. The necrosis of the membranous labyrinth which occurs in these cases may be due to vascular thrombosis (Steinbriigge), or to toxins (Habermann). Politzer attributes the changes to the direct action of the meningococci themselves.
(3) Formation of Granulationt Tissue within the Labyrinth.-Habermann has demonstrated complete destruction of the structures of the inner ear in a case of cerebro-spinal meningitis which had relapsed after complete deafness had occurred. The internal ear contained granulation tissue. In this case there was pus in the scale of the cochlea and in the vestibule. The joint between the stapes and the oval window was destroyed. The aqueduct of the cochlea was filled with granulation tissue. Habermann notes haemorrhages in the sheaths of the acoustic nerve and necrosis of the nerve fibres. cells of the geniculate ganglion stain badly and there are only slight remains of spiral ganglion cells. There is almost nothing left of the membranous labyrinth. The whole lumen is filled with new connective tissue containing dilated blood-vessels. Pus still present in parts. Semicircular canals filled with new bone. In the cochlea new bone formation is confined to the median part of both scalae. Ductus endolymphaticus still recognizable. In the middle ear there is some pus in the niches and connective tissue around the stapes. Niche of the round wi-ndow filled by a thick connective tissue layer. The membrane of the round window cannot be made out. In the right ear the changes are not so marked as in the left. Other observers have examined the ears of patients who died years after the attack of epidemic cerebrospinal meningitis and have found the hollow spaces of the inner ear almost completely obliterated by connective tissue and bone formation.
OTITIS MEDIA IN EPIDEMIC CEREBRO-SPINAL MENINGITIS.
The middle ear may be involved by way of the Eustachian tube or by the pus in the inner ear bursting through the oval and round windows and so infecting the tympanic cavity. Opinions as to the frequency of otitis media vary greatly: thus Netter states that it is not comnmon and is only found in advanced cases and at post-mortem examination. He admits, however, that the usual clinical signs of otitis media are not present, presumably on account of the condition of the patient. Altmann has examined twelve cases of deafness and found the middle ear unaffected. Dufays believes that the otitis media is due to the spread from the inner ear. On the other hand, Koerner states that otitis media is usually present in cases of deafness associated with epidemic cerebro-spinal meningitis. Goeppert found otitis media in 50 per cent. of cases suffering from epidemic cerebro-spinal meningitis and in 62 per cent. of post-mortems in this condition. Roosa found cicatrices in the drumhead in only eight out of fifty-four ears examined. The others were practically normal. On the basis of tuning-fork tests however he believes that a middle-ear affection is the main cause of the deafness. It is quite possible that the presence of otitis media may be merely a coincidence; thus Hessler records a case of acute middle-ear suppuration in epidemic cerebro-spinal meningitis in which meningococci were not found in the mastoid. Further, it seems likely that the incidence of otitis nmedia may vary in different epidemics; certainly from the functional examination of cases of deafness following spotted fever it would appear that the labyrinth and eighth nerve are the structures involved.
Of 111 cases of deaf-mutism examined by one of us (J. S. F.) during the last two years at the Edinburgh Royal Institution for the Education of the Deaf and Dumb fourteen were due to meningitis. Of these fourteen, seven were cases of epidemic cerebro-spinal meningitis. Examination showed normal or only retracted drumheads in five out of the seven cases, while functional tests revealed absolute deafness and complete loss of vestibular reaction in six cases.
Alt saw only one case of acute suppurative otitis media without labyrinth involvement among his fifty cases, and in this there was no bacteriological examination of the pus from the middle ear. Alt had, however, seen a case of otitis media in 1897, in which the meningococcus was present along with other bacteria. Similar cases have been recorded by Frohmann and Netter. The former of these observers has reported a case in which there was a pure culture of the meningococcus in a bilateral otitis media. Rolleston reports otitis media in ten out of 502 cases. Fairley and Stewart saw two cases of suppurative otitis media in 450 patients. Worster-Drought and Mills Kennedy remark that chronic middle-ear suppuration may Qf course be present in patients suffering from epidemic cerebro-spinal meningitis; indeed they found this condition in seven out of 160 cases and, from the diagnostic point of view, call attention to the importance of the examination of films (meningococci) made from the aural discharge.
The conclusion seems to be that acute purulent (meningococcal) otitis media is not of frequent occurrence in " spotted fever." When it is met with it is probably secondary in most cases to meningitic labyrinthitis and is due to the pus in the labyrinth bursting out through the windows into the middle ear.
PROGNOSIS IN REGARD TO DEAFNESS.
Moos remarks that the percentage of cures and improvements is higher in the experience of the general practitioner, who observes cases during the epidemic, than in that of the specialist, who only sees the patients some weeks, months, or years after the outbreak of the disease.
Sophian believes that cases of deafness which recover have been due to hydrocephalus. Such cases improve at once or clear up on lumbar puncture. It must be admitted that in the vast majority the deafness remains permanent. Of seven cases recorded by Alt, four remained totally deaf and in three the hearing returned to some extent. Politzer notes that occasionally there is some improvement after convalescence, but this is only temporary. Mygind records a case with recovery of hearing four years after the disease. Davis, on the other hand, has reported a case of gradually progressive bilateral deafness occurring three years after the attack. Of five cases recorded by Leszynsky, two were unilateral and three bilateral. Of the latter one remained completely deaf, while in the other two some slight improvement occurred on one side. Statistics on this point vary greatly. The discrepancy may be explained as follows: If there has been a recent outbreak of the disease in a country we have a high percentage of deaf-mutism due to epidemic meningitis, but if the country has been free from outbreaks for many years the proportion is low. Macleod Yearsley (1917) found that out of 1,114 cases of acquired deaf-mutism only eight were due to epidemic cerebro-spinal meningitis. Holger Mygind (1894) states that in only four out of 208 deaf-mutes was epidemic meningitis the cause of the affliction. Kerr Love (1893) has reported on 175 deaf and dumb children; of these, eighty-one were cases of acquired deafness and among the latter thirteen were due to meningitis and brain fever, but apparently none of the cases had followed the epidemic form of meningitis. Hartmann (1880) has stated that 26 8 per cent. of deafmutes in his district were due to spotted fever. Roosa found that twenty-seven out of 147 deaf-mutes owed their condition to this disease.
Our own statistics regarding a deaf-mute institution have already been given, but we may state here that of the thirty-four cases of deafmutism following " spotted fever" seen at Dr. Logan Turner's department during the years 1907-18 (inclusive), thirty were brought by the parents during the four years 1907-10. There was tenderness on tapping the right side of the head. Death on June 28, 1916. Microscopical Examination of Right Ear.-The epithelium of the external meatus and outer surface of drumhead is desquamating. The tympanic membrane is distinctly thickened and shows well-marked new bone formation (" chalk patch" in drumhead ( fig. 1) ). In the tympanic cavity there is some new connective tissue between the FIG. 1 (Case I). Epidemic cerebro-spinal meningitis of about eight days' duration. Horizontal section through right ear, No. 135, x 6 diam. 1, external auditory meatus; 2, adhesionbetween drumhead and inner wall; 3, new bone formation in drumhead (chalk patch); 4, internal meatus, showing slight meningeal exudate; 5, crus commune (notefaulty formation of walls of bony canal; 6, convexity of lateral canal; 7, antrum, with thickened lining membrane; 8, facial nerve. Note that long process of incus is absent; it should be situated between the handle of the malleus and the footplate of the stapes which is seen in the oval window. Middle-ear suppuration had evidently been present in childhood in this case.
ossicles and the outer wall of the attic. In the border cells the submucosa is thickened and there are " cystic spaces " in the mucous membrane. There is some old blood pigment in the submucous tissue, in the floor of the aditus and in the antrum, and a band of mucous membrane (adhesion) stretching across from the anterior margin of the oval window to the tyinpanic membrane. The malleus is normal. The long process of the incus is eroded in its upper part and lower down it is absent. The crura of the stapes are entirely absent but the footplate is healthy. The mucous membrane in the niche of the oval window is thickened. There are adhesions between the pyramid and the anterior margin of the window. The mucosa in the niche of the round window is rather thickened. (There had evidently been a former chronic suppurative otitis media in this case which had left behind these bony deposits, submucosal thickenings, adhesions and erosions of bone.) The labyrinth capsule and surrounding bony tissue are healthy. Cochlea: Corti's organ is not well formed: the pillar cells can only be recognized in the middle coil. Reissner's membrane is in parts rather depressed. There is some new connective tissue formation in the canal for the spiral ganglion. The opening of the aqueduct of the cochlea is quite healthy. Vestibule: The utricle is healthy. The wall of the sacculus is ruptured (artefact?) but the neuro-epithelium is healthy. The aqueduct of the vestibule is quite normal. There is no itafiltration within the labyrinth of either the cochlear or vestibular nerves by the meningitis. Canals: The bony walls of the semiciitular canals are badly formed in this case-a fairly common occurrence. The lateral, superior and posterior canals are healthy. Internal meatus: There is a little pus within the arachnoid sheath but there is no infiltration of the cochlear or vestibular nerves by meningitis.
(Note.-Except for the slight meningitis in the internal meatus the only noteworthy feature is the atrophy (?) of Corti's organ. This may have been a secondary result of the chronic middle-ear suppuration and subsequent sclerosed condition of the tympanum. On the other hand it may merely be an artefact or due to post-mortem changes.) Case II.-Corporal F., died from epidemic cerebro-spinal meningitis after several weeks' illness. Post-mortem, May 12, 1916 (Case II) . Epidemic cerebro-spinal meningitis of several weeks' duration. Horizontal section through left ear, No. 130, x 9 diam. 1, periosteal bone; 2, lymph space between above and 3, cartilage bone; 4, endosteal bone; 5, meningitic infiltration within arachnoid sheath in internal meatus. Corti's organ is seen to be well formed in the apical coil, but in the basal coils it is desquamating. There is slight exudation in the basal coil on the right of the illustration (scala tympani) in the angle next the internal meatus.
One can see the usual outline and the pillar cells, but most of the hair cells and supporting cells are desquamated. The cells of the spiral ganglion appear shrunken (artefact ?). There is no pus in the scala tympani in the neighbourhood of the round window, but there is a little coagulated lymph present in the opening of the aqueduct of the cochlea. There is also some exudate in the scala tyinpani of the basal coil in the angle next the internal meatus ( fig. 2 ). Vestibule: The utricle, saccule and ductus endolymphaticus are quite normal. The canals are also normal. Internal meatus,: There are numerous small cells round the nerve filaments in the fundus of the internal meatus (meningitis) (figs. 2 and 3). The vestibular ganglion cells appear rather shrunken. There is a little hsemorrhage in the internal meatus just at the inner opening. (This specimen shows no disease of middle or inner ear, but there is some meningitis in the internal auditory meatus.) FIG. 3 (Case 1I) . Section 250, x 9 diam. 1, scala tympani normal; 2, lower part of internal meatus showing meningitic infiltration within arachnoid sheath; 3, niche of round window. Case III.-Corporal D., admitted to hospital on August 7, 1916, suffering from epidemic cerebro-spinal meningitis. When examined in bed patient was found to be lying on the right side in a semi-comatose condition. Kernig and Babinski signs present. Meningococci found in cerebro-spinal fluid before death. Patient had marked horizontal and rotatory nystagmus to the left but was too ill for detailed functional examination of the ear. He was, however, able to answer questions when first one ear and then the other was closed with the finger.
Death occurred two days after admission. Post-mortemn (J. K. M. D.):
Pus in subarachnoid space all over cerebrum. No pus above cribriform plate. Pituitary body congested. Adhesions and thin fluid pus in interpeduncular space and cisterna pontis. No pus on upper surface of cerebellum. There was a mass of purulent exudate round the fifth nerve on the right side, and also round the trunks of the sixth, seventh, eighth, ninth, tenth, eleventh and twelfth nerves. There were localized collections of pus on the inferior surface of both cerebellar hemispheres and also in the cisterna magna. by recent adhesions. The fourth ventricle contained thick pus. On section of the brain both cerebral hemispheres showed numerous petechial heemorrhages in the white matter, especially marked just beneath the grey matter of the sulci. Patches of haemorrhage also present in the internal capsule but almost completely absent in the frontal and occipital poles of the brain. Pus was present in the posterior and inferior horns of the lateral ventricles and in the pineal recess. The sphenoid, ethmoid and frontal sinuses were opened up but were found normal. The left (middle and inner) ear was opened up and was also found normal.
Microscopic Examination of Right Middle anzd Innere Ear.-The tympanic membrane and Eustachian tube are healthy. Tympanic cavity: The middle-ear spaces are healthy, except in the neighbourhood of the oval and round windows. The mastoid cells are normal. The mucosa of the sinus tympani is thickened, the vessels are engorged, and FIG. 5 (Case III). Section 50, x 9 diam. 1, facial nerve; 2, crista of lateral canal infiltrated with pus (the exudate is streaming through the apex of the crista, and, if the illustration is turned right round, gives the appearance of a volcano in eruption); 3, aditus; 4, purulent and haemorrhagic exudate in perilymph space; 5, the vestibular nerve surrounded by purulent exudate; 6, purulent and hsemorrhagic exudate at point of entry of nerve to utricle. there is pus, probably mixed with blood, in the niche ( fig. 9 ). The lowest part of the tympanic cavity is perfectly healthy (fig. 10 ). The facial nerve and canal are normal. There are a few pus cells and some fibrin in the niche of the oval window but the footplate of the stapes is normal (fig. 7 ). The anterior portion of the annular ligament appears to be slightly infiltrated with pus cells as if there was an attempt to burst through from the labyrinth into the middle ear. The round window membrane is thickened and infiltrated and there is a layer of pus on the walls of the niche (fig. 8 ). The only parts of the middle ear which show any abnormality are the niches of the oval and round windows. There has apparently been no spread of the infection from these regions into the remainder of the tympanum. The labyrinth capsule and surrounding bony tissue are healthy. .Cochlea.: In the hollow spaces of the cochlea there is pus present in all coils, especially in the scala tympani and the scala vestibuli ( fig. 6 ). In the cochlear canal itself the exudate is of a fibrinous nature. Corti's organ and the FIG. 6 (Case III) . Section 70, x 9 diam. 1, purulent exudate in helicotrema; 2, exudate in scala vestibuli; 3, same in scala tympani; 4, cochlear nerve with haemorrhagic purulent exudate around; (5) endosteum detached from wall of scala tympani of basal coil (artefact). stria vascularis are desquamating. The spiral ligament is infiltrated with pus cells. In the apical coil Corti's organ is fairly well preserved, and the membrana tectoria is present. In the middle coil there is a great deal of pus in the scala vestibuli. In the basal coil Corti's.organ and the membrana tectoria can be clearly recognized. Reissner's nembrane is depressed in all coils. The helicotrema contains pus.
The vein accompanying the aqueduct of the cochlea is very engorged.
There are some pus cells in the scala tympani just at the opening of the perilymphatic aqueduct ( fig. 8 ). There are a good many pus cells in the hollow space of the bony spiral lamina. (The infection appears to have passed from the internal meatus along the vessels and nerves to the labyrinth, rather than by the aqueduct of the cochlea.) Vestibule: There is some hemorrhage present in the perilymphatic space of the vestibule around the vestibular nerve (fig. 5 ). The nerve of the utricle and also the neuro-epithelium of the utricle are infiltrated with pus. (On the whole the endolymphatic spaces, in the vestibule, canals and cochlea are almost free, so that the infiltration has been mainly in the perilymphatic space.) The nerve and the epithelium of the saccule are infiltrated with pus and there is pus in the perilymph space at the opening of the aqueduct of the vestibule (fig. 7) . The saccule is ruptured (artefact ?). There is a little curdled lymph and possibly a few pus cells in the endolymphatic aqueduct at its vestibular end, but towards its. cranial end the aqueduct is healthy. Cancals: At the ampullary end of the superior canal the perilymph space is full of pus ( fig. 4) ; the endolymph space is normal. The crista of the superior canal is infiltrated with pus. In the smooth end of the superior canal the perilymph space contains pus. There is also pus in the perilymph space of the external canal ( fig. 5 ). The crista of the lateral canal is infiltrated with pus. The cupola of the lateral canal is disintegrated FIG. 8 (Case III) . Section 175, x 9 diam. 1, pus in scala tympani; 2, thickened membrane of round window; 3, tympanic cavity, healthy; 4, ampullary end of posterior canal with exudate in perilymph space; 5, purulent exudate in niche of round window; 6, exudate at cochlear opening of perilymphatic aqueduct. and pus, cells are seen passing through the apex of the criista itnto the endolymphatic space. The appearance is somewhat like that of a volcano in eruption (fig. 5 ). Thesmooth end of the lateral and posterior canals contains pus in the perilymph space but none in the endolymph space (fig. 7 ). In the convexities of the superior and external canals the same conditions obtain. The crista of the posterior canal is infiltrated with pus. The perilymphatic space of the posterior canal is crammed with pus ( fig. 10) ; the endolymphatic space contains curdled lymph and at the ampullary end there is a little pus. This purulent infiltration appears to be coming from the region where the nerve enters. Internal meatus: There is much pus within the arachnoid sheath (figs. 6 and 7). The vestibular ganglion is infiltrated with pus cells, but the exudate does not extend along the facial nerve as far as the geniculate ganglion. There is a considerable amount of purulent infiltration of the nerves passing into the modiolus. There is a great deal of pus in the lower part of the internal meatus. The purulent exudate extends into the narrow canal containing the nerve of the ampulla of the posterior canal.
FIG. 9 (Case III). Section 205, x 9 diam. 1, exudate in scala tympani of basal coil; 2, purulent exudate in sinus tympani; 3, thickened, infiltrated and engorged mucosa lining the sinus tympani; 4, tympanic cavity; a, stapedius; 6, b&emorrhagic purulent exudate in perilymph space of posterior canal; 7, aqueduct of cochlea containing exudate.
Reitarks.-In this case the basal meningitis had distinctly extended into the internal meatus on the right side, and had infiltrated into the labyrinth along the vessels and branches of the eighth nerve. The perilymphatic space throughout the labyrinth contained much pus, while in parts-especially in the region of the cristae of the canals and the saccule-the neuro-epithelium was infiltrated with pus which was finding its way into the endolymphatic space. The congested and infiltrated condition of the mucosa in the window niches was certainly secondary to the purulent labyrinthitis, though at the time of death there had been no gross bursting through of the pus in the labyrinth into the middle ear. It is noteworthy that on macroscopic examiination the left, middle and inner ear of this patient appeared to be normal. Section 235, x 6 diam. 1, external meatus; 2, tympanic cavity; 3, membrana tympani; 4, normal mucosa detached owing to use of suction apparatus; 5, aqueduct of cochlea containing exudate; 6, sinus tympani also containing exudate; 7, posterior vertical canal with much exudate in perilymph space. (1) Male, aged 21, on third day of disease had marked noises in the right ear, deafness and giddiness. There was normal hearing in the left ear, Weber lateralized to good ear. (2) Girl, aged 12, had complete deafness in the left ear on first day, with giddiness and vomiting. Boot has collected forty-nine cases of mumps deafness (twenty-two male and twenty-seven female). The age of the patients varied from 4 to 41 years, usually between 11 and 30. The middle ear was normal in twenty-seven cases and only abnormal in three; rest not noted. The onset of deafness varied from the fourth to the fifteenth day, uslually occurring seven days after the beginning of the disease. The deafness came on suddenly in twenty-two cases, slowly in one; rest not noted. Giddiness was present in twenty-nine cases, absent in seven; no note in thirteen. Headache was present in six cases, absent in four; rest not noted. Subjective noises in twenty-five. Nausea and vomiting in nineteen. Fever in three. In ten cases the labyrinth disease was bilateral and in thirty-two unilateral; no note in seven cases. Boot distinguishes three types of the disease: (1) The cochlea alone is affected.
(2) The vestibular apparatus is involved with normal or almost normal hearing. (3) Both parts of the labyrinth are affected.
Voss, on the basis of lumbar puncture, compares mumps deafness to that following syphilis, and attributes both to meningitis. Ruttin, in discussing Voss's paper, stated that there was probably more than one cause of mumps deafness. The inner ear affection might be due to serous or purulent labyrinthitis, or to retrolabyrinthine disease. The endolabyrinthine variety was exactly like a serous or purulent labyrinthitisi.e., there was sudden deafness, nmarked vestibular symptoms, with nystagmus to the sound side, and loss of vestibular reaction. The nystagmus lasted only three or four days. On the other hand the retrolabyrinthine disease due to mnumps was similar to the syphilitic affection. Here the disease was associated with prolonged vestibular symptoms, and there might be loss of the rotation reaction, with retained caloric reaction. Further, the cochlear and vestibular apparatus might not both be destroyed. Scheibe stated that he had seen a great deal of mumps deafness and had always found it to be unilateral. This fact spoke against a neuritis or meningitis. On the other hand, the absence of giddiness and noises were against labyrinthitis. Kiimmel thought that mumps deafness was usually bilateral at first, but one ear recovered, so that later deafness was only found on the other side. Kirchner thought that the absence of labyrinth symptoms was in favour of a cerebral cause of the deafness.
Hubbard states that mumps is the cause of the nerve deafness in 3 to 5 per cent. of deaf-mutes. Deafness may occur before the parotid swelling. Gordon states that as a rule the symptoms of meningitis immediately precede the orchitis. Hubbard notes that in his own cases the destruction of both cochlear and vestibular functions might be complete or partial. He apparently regards the lesion as a labyrinthitis.
According to Feiling, May states that in cases of mumps deafness tinnitus and vertigo usually occur as premonitory symptoms. Deafness follows more or less suddenly, usually between the first and fourth days of the disease. In most cases it is complete and permanent. Meniere (junr.) considered that the lesion was probably a meningitis at the base. The fact that the seventh nerve is sometimes implicated supports Meniere's view.
Lake records two cases of deafness following mumps. The first Was that of a woman, aged 35, who suddenly became deaf in the left ear at the end of the first week, with severe tinnitus, vertigo and sickness. The drumheads were normal. Functional examination showed marked nerve deafness. The second case was that of a girl, aged 17, in whom the right ear was affected. Lake thinks that the trouble was due to embolism of a large branch of the internal auditory artery. Mauthner has recorded the case of a female, aged 37. On the first day of the attack she felt slight noises in the left ear, which rapidly increased, In three days complete deafness. Two days after the onset, marked giddiness and nausea. Diplopia also present on eighth day from onset of giddiness. The stumbling gait improved in three weeks but the deafness and noises remained. The vestibular reaction, tested eight months after onset, was diminished. Mauthner thought that the deafness was very like that associated with acute infectious neuritis. Haike reported the case of a male, aged 19, who became suddenly ill with high fever, orchitis and unilateral deafness. There was an island of hearing between C2 and C3. There was no parotitis. The vestibular nerve was intact and the diagnosis was made of retrolabyrinthine neuritis. He regarded the case as one of mumps, without parotitis, and recalled a similar case of Gradenigo's.
Among the 111 cases of deaf-mutism examined by one of the writers (J. S. F.) only one case of mumps deafness was found. In this case the drumheads were indrawn but otherwise normal: the lower tuning-forks appeared to be heard (?vibrations felt); the vestibular reaction to the rotation test was present but somewhat reduced.
Pathology.-Monod was the first to demonstrate lymphocytosis of the cerebro-spinal fluid in mumps, even in cases where there was no clinical evidence of meningitis. This lymphocytosis is a constant feature and may be so marked as to constitute a true lymphocytic suppuration. In one fatal case there was definite meningitis at the base of the brain. Numerous other similar cases have been recorded. De Stella, in an article dealing with serous meningitis, states that one of his cases followed mumps and was associated with transient deafness in a boy, aged 12. The diagnosis of meningitis was formed by lumbar puncture. De Stella thinks that mumps deafness is caused by meningitis. Gordon has inoculated monkeys intracranially with filtered saliva from mumps cases. Of the ten monkeys so inoculated, four died, six recovered. Those that died first of all became quiet and appeared to be suffering from headache. Then irritability appeared, but there was no paralysis, squinting, or retraction of the head. There was, however, some rigidity of the arms and legs. Lumbar puncture was done on one and the fluid found to be under increased tension and turbid. Post-mortem: There was congestion of the meninges but no pus. Microscopically there was infiltration of the pia arachnoid with lymphocytes. Some nerve cells in both the cerebral cortex and spinal cord showed degenerative changes. Gordon holds that in a proportion of cases of mumps a virus occurs in the saliva that passes through a Berkefeld filter and is capable of producing in the monkey by intracerebral injection a lymphocytic meningitis, together with hyperaminia of the central nervous system and acute degenerative changes-i.e., that mumps is due to an ultramicroscopic virus comparable to that in poliomyelitis, small-pox, typhus, and a number of other acute fevers.
Russell L. Haden reports on the bacteriology of a mumps epidemic at Camp Lee. From the blood, the parotid secretion and the testis the organism recovered was quite uniformly a Gram-positive diplococcus which grew slowly. In Haden's nine cases the spinal fluid showed uniformly a pleocytosis of the mononuclear type. Clinically all nine patients had classical mumps. Cultures and smears were negative in eight cases. In one instance the fluid was opalescent and direct smears showed numerous Gram-positive diplococci. Haden holds that it is reasonable to conclude that the organism demonstrated in the spinal fluid was the one causing the primary parotitis. Blood cultures were taken from all cases of mumps on admission. Twenty-five cultures were taken from eighteen cases. Nineteen of the twenty-five were sterile; two were contaminated; four cultures on different patients showed in each instance a small Gram-positive diplococcus. After several transplants this grew readily on all media.
According to Tasker Howard the metastatic lesions in mumps are well known, and testify to the general nature of the infection. Orchitis, Sectionl of Otoloqy mastitis, pancreatitis, arthritis, encephalitis and meningitis are at times met with. Orchitis is occasionally recognized in the absence of any involvement of the salivary glands. Howard regarded his three cases as instances of mumps meningo-encephalitis, in spite of the absence of inflammation of the salivary glands. These cases occurred in the presence of a mumps epidemic, and in two of the three a Gram-positive diplococcus was recovered from the spinal fluid. This organism was found in direct smears and grown in pure culture in both cases. The spinal fluid in each case presented a moderate pleocytosis, characterized by a predominance of mononuclear cells. The conditions with which we are familiar which show this picture are: (a) syphilis, (b) tuberculous meningitis, (c) encephalitis lethargica, and (d) mumps. Two of the three patients were certainly not syphilitic. Tuberculous meningitis and encephalitis lethargica could be ruled out in all cases by the clinical course. So far as we have been able to find out there has hitherto been no recorded case of mumps deafness in which a microscopic examination of the ear has been carried out.
(C) INFLUENZAL DEAFNESS.
Haug considers the nerve deafness of influenza to be due to localized meningitis. Gradenigo has examined three cases of tuberculous and two of epidemic meningitis. He comes to the following conclusion: In the various forms of meningitis there are frequently inflammatory changes in the seventh and eighth nerves, owing to the passage of the infection carriers into the internal meatus. At first the changes are not so much in the nerve itself as in its covering. Later the pus passes between the nerve bundles and then enters the modiolus. Gradenigo always found the aqueduct of the cochlea intact. In most cases there were inflammatory changes in the middle ear, at least in one side.
(E) OSTEOMYELITIC DEAFNESS.
Castex has recorded the case of a male deaf-mute, aged 17, who spoke well till the age of 7. At this time he got osteomyelitis of the right tibia, with sequestrum formation, and was in bed for three years. During recovery deafness occurred without ear suppuration. A month later he was very silent, and his voice took on the tone characteristic of deaf-mutism. Siebenmann has found only four cases of osteomyelitic deafness in the records, and has observed three further cases himself. He states that osteomyelitis is a separate disease due to staphylococcal infection. It usually attacks young people, and begins with high fever and delirium. The ear is seldom diseased in the stage of high fever, more frequently during convalescence or a year later. The deafness comes on suddenly within a few hours or days. Both ears are affected as a rule. Subjective noises and giddiness are present in half the cases. In the others the deafness occurs without any irritative phenomena on the part of the cochlea or vestibule. As a rule the deafness is bilateral, but on one side there may be islands of hearing. Where the hearing is lost the static labyrinth no longer reacts. Siebenmann compares osteomyelitic deafness to bilateral metastatic panophthalmitis. Steinbriigge has examined a case microscopically and found changes in the labyrinth similar to those present in meningitis complicated by labyrinthitis.
(F) SYPHILITIC DEAFNESS.
Harrison states that syphilitic leptomeningitis is generally diffuse, and affects most often the base. Some degree of meningitis is extremely common in secondary syphilis, if we may judge by the very high percentage of cases in which pathological changes-increase of lymphocytes, presence of globulin, and a positive Wassermann reaetion-are found in the cerebro-spinal fluid. Dreyfus reported pathological changes in nearly 80 per cent. of secondary cases. Mills has obtained a number of specimens of cerebro-spinal fluid at Rochester Row, and examination of these has shown pathological changes, indicating syphilitic meningitis in six out of thirty-six primary cases, eighty-seven out of 185 secondary cases, twenty-one out of sixty-five tertiary cases, and six out of fourteen congenital cases. None of these cases showed any other sign of brain or cord disease. In the great majority of cases, therefore, syphilitic meningitis is silent as regards clinical symptoms, if headache is excepted. Even headache is not very common.
Pathologically, the meninges at the base are extensively infiltrated and matted together with an exudate of lymphocytes and plasma cells. The process is most intense at the inter-peduncular spaces. The aiteries at the base of the brain become involved. One or more of the cranial nerves passing through the diseased area are also frequently involved. Symptoms of a damaged cranial nerve very strongly suggest syphilitic meningitis. The eighth nerve may be affected in its bony canal, and one or both branches may be attacked.
Beck finds that in 80 per cent. of syphilitic patients the boneconduction for tuning-forks is more or less shortened although the hearing is normal. Beck attributes this to raised intracranial pressure, as he finds the same condition in cases of brain tumour and hydrocephalus. Beck performed lumbar puncture on some of his syphilitic cases and found that after this the shortening of the bone-conduction disappeared for a time, though it returned in two or three days. Cases in which the primary sore is still present and the Wassermann reaction is negative do not show this shortened bone conduction. The latter only appears with the constitutional symptoms. The sign may be of value in the diagnosis of syphilis.
Frey states that cases of neuro-labyrinthitis in secondary syphilis are much more common than is usually supposed, and claims that the work of Moriac in 1879 proves this. Habermann, in 1896, reported sixty-six cases of disease of the acoustic nerve, thirty-four of which occurred in the secondary stage. Mayer has collected sixty-five cases occurring since 1896, and of these thirteen belonged to the secondary stage. Labyrinth symptoms -i.e, tinnitus, deafness, giddiness, nausea, vomiting, disturbance of balancing, and vestibular nystagmus-have occurred as early as the seventh day after the primary sore (Politzer, quoted by Pogany, Monatsschrift fiir Ohrenheilkunde, 1913 Ohrenheilkunde, , p. 1333 Mayer states that the trouble may come on three weeks after the primary sore. At the time of onset of the first skin rash neurolabyrinthitis is by no means uncommon. Stuempke holds that the membranous labyrinth is involved by a syphilitic infiltration.
Beck has examined 600 cases of secondary syphilis and finds that complaints of giddiness and disturbance of balancing are by no means rare. In some of these nothing abnormal is to be found in the ears or nervous system. In others there are changes in the posterior cranial fossee, as evidenced by nystagmus of central origin and cerebellar disturbance of balancing. The third group consists of vestibular cases which show alteration in the galvanic irritability of the vestibular nerve.
At the onset tinnitus is present in most cases, while giddiness is noted in 50 per cent. These symptoms may be observed before the skin rash appears. In the later stages of secondary syphilis the ear trouble almost always comes on with a recurrence of the rash (Mayer). Disturbance of hearing is gradual and may vary in intensity. It is usually bilateral. Functional examination shows an affection of the eighth nerve Vestibular symptoms vary from slight giddiness up to vomiting and disturbance of balancing.
During the war observations on the connexion between syphilis 'and nerve deafness were made in Dr. Logan Turner's Department by W. T. Garretson and Miss Mabel Fitzgerald. These observations have not yet been published, but they revealed a remarkably high percentage of positive Wassermann reactions in patients wvho showed nerve deafness at an unusually early age-i.e., below 55 or 60. It is to be hoped that Dr. Gairetson and Miss Fitzgerald will before long publish their results in detail.
(G) DEAFNESS FOLLOWING MEASLES AND. PNEUMONIA.
Nager records the case of a boy, aged 6, who had slight Eustachian catarrh at three years. Adenoids were removed. The child took measles while recovering from this operation and there was a sudden onset of meningitis, with sopor, restlessness, meningitic. cry, high temperature and stiffness of the neck. After fourteen days, consciousness returned. During convalescence there was swelling of the elbow-joint, and the parents noticed that the boy did not respond to calls. Siebenmann diagnosed complete deafness. On account of the still present tubal closure the child was taken into the clinic, paracentesis carried out and transudate removed. After air douches the drumhead on both sides was normal. The deafness, however, remained complete. The vestibular apparatus was not tested. Thiee years later the child was killed by accident. At the post-mortem the brain and temporal bones appeared normal, but the seventh and eighth nerves were rather thin. The middle ear on both sides showed the same condition-recent acute catarrhal otitis media with exudate. The mucous membrane of the tympanic cavitv was much thickened. and infiltrated. The ossicles and joints, the stapes and margins of the window were all normal. In the left inner ear the canals were unchanged. The vestibule, however, showed increase of fibrous tissue in the perilymph space with strands joining the utricle and stapes. There was a layer of connective tissue with some new bone formation in the lower part of the vestibule filling the perilymph space. The utricle and saccule were dilated and the vestibular nerve rather atrophied. In the cochlea the opening of the perilymphatic duct was almost closed by connective tissue and new bone.
In the basal coil the scala vestibuli showed new connective tissue and bone formation. The cochlear duct was dilated and Corti's organ was FIG. 11. E. B., aged 17 months. Case of pneumonia following measles, complicated by meningitis and labyrinthitis. Horizontal section No. 80, x 6 diam. 1, incus; 2, outer attic, healthy; 3, malleus; 4, inner attic, healthy; 5, basal coil of cochlea just appearing; 6, wide fossa subarcuata; 7, smooth end of superior canal with exudate in perilymph space; 8, ampullary end of canal.
Siebenmann has recorded six cases of deaf-mutism following measles. In three the trouble was undoubtedly of middle ear origin; in the remaining three the route of labyrinth infection was an open question. In 50 to 60 per cent. of cases of deaf-mutism following AP-15 49 50 Fraser and Dickie: Meningitic Neuro-labyrinthitis measles the tympanic membrane is normal. This would point to a meningitic origin. Meningitic symptoms in measles are not very rare and are usually attributed to the high fever. The meningitis of measles is relatively favourable as regards life and yet may lead to disease of the labyrinth. The meningitis and labyrinthitis are probably due to the pneumococcus. Mieningitic Neuro-labyrinthitis following Measles anid Pneunonia. E. B., pneumonia and meningitie labyrinthitis. Section 115, x 9 diam. 1, facial nerve; 2, facial nerve on inner wall ofattic; 3, exudate in perilymphatic space of vestibule just below ampullary end of superior canal; 4, purulent exudate around facial nerve ; 5, exudate in scala tympani of basal coil of cochlea.
Dickson.) E. B., male, aged 17 months, admitted to Royal Hospital for Sick Children April 23, 1914, with shortness of breath of fourteen days' duration. The child had had measles four months before admission, followed by broncho-pneumonia. Examination on admission showed rapid breathing, enlarged glands in neck, axillie -and groin. Pulse 162. Temperature 101.80 F. Examination of lungs showed areas of dullness with tubular breathing. Child rather drowsy. Von Pirquet negative. _tt't2@ ,,.' at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from
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Later there was evidence of consolidation at left base, but exploration was negative. The evening temperature, however, remained elevated, 1010 F. to 103°F. A fortnight after admission twitching of the whole of the right side developed. The left pleura was again explored but no fluid obtained. Lumbar puncture evacuated turbid fluid under greatly increased tension. The child became comatose and died on May 10, 1914. Post-mortem: Rachitic chest with marked beading. The right lung showed marked congestion and cedema, with emphysema. The left lung was much collapsed and also showed marked bronchiectasis. 1, purulent exudate in helicotrema; 2, tensor tympani ; 3, pus in fundus of internal meatus; 4, purulent exudate in basal coil of cochlea; 5, carotid canal.
Examination of the head revealed copious pale greenaish purulent exudate in subar'achnoid space. There were toxic changes in the internal organs.
Bacteriological examination of the fluid from the bronchi and menintges gave a pure growth of pneumococcus in both cases.
.Microscopic Examtination of the Right Ear. -The tympanic membrane and Eustachian tube are normal (figs. 15 and 18). Tymp anic cavity : There is slight swelling of the mucosa of the attic and a little exudate in the mastoid cells (figs. 11 and 15). The lateral canal prominence is normal. There is slight swelling of the mucosa and a little muco-purulent exudate in the sinus tympani ( fig. 18 ). The lower part of the tympanic cavity is normal. There is slight seropurulent exudate in the niche of the oval window (fig. 15 ). The footplate of the stapes is normal. The mucosa of the round window niche is slightly swollen (fig. 17 ). The ossicles, muscles and joints are normal. The labyrinth capsule and surrounding bony tissue are healthy. Cochlea: There is much pus in the scala tympani in all coils (fig. 13 ). This extends up to the helicotrema, but in the scala vestibuli the FIG. 14. E. B., pneumonia and meningitic labyrinthitis. Section 185, x .38 diam. 1, purulent exudate in scala vestibuli-to the left it is lying on upper surface of Reissner's membrane; 2, spiral ganglion infiltrated with pus; 3, Scala tympani full of pus; 4, cochlear canal with fibrinous and slightly purulent exudate. purulent exudate is not so marked. There is some curdled lymph and a few pus cells in the scala media ( fig. 14) . Corti's organ is well preserved; one can see pillar cells in all coils and even the hair cells.
Reissner's membrane is slightly depressed. The cochlear aqueduct contains pus throughout ( fig. 17 ). Vestibule: There is much purulent infiltration in the perilymph space of the vestibule (fig. 15 ). The saccule is -ruptured and pus is seen infiltrating the nerve to the saccule. The ductus endolymphaticus is normal. (As one would expect from the route-of infection, there is more pus in the cochlea than in the vestibule.) Canals: The superior canal shows cellular exudate in the perilymph space - (fig. 11 ). The crista of the superior canal itself is healthy. There is very little pus in the convexity of the posterior canal, but a considerable amount in the perilymphatic space at the ampullary end ( fig. 18 ). The epithelium of the crista and the cupula are normal. 1, incus ; 2, external meatus ;3, malleus ; 4, Eustachian tube, normal; 5, carotid canal; 6, exudate in scala tympani of basal coil; .7, internal meatus (the nerves have unfortuniately been torn out) ; 5, endolymphatic aqueduct; 9, exudate in perilymph space of crus commune; 10, lateral canal; 11, niche of oval window showing thickened mucosa with some exudate.
In the smooth end there is practically no pus. The lateral canal shows purulent infiltration in the perilymphatic space (figs.'15 and 16). There is very little pus in the convexity of the lateral canal. The smooth end shows great vascular congestion. ,Internal meatus: Both ,branches of 53 the eighth nerve have unfortunately been torn out at the post-mortem.
There is meningitis in the upper part of the internal meatus extending along the seventh nerve almost as far as the geniculate ganglion ( fig. 12 ). Although the nerves have been torn out the meatal fundus at the base of the modiolus is crowded with pus ( fig. 13) . E. B., pneumonia and meningitic labyrinthitis. Section 245, x 9 diam. 1, external meatus; 2, facial nerve; 3, exudate in perilymph space of smooth end of lateral canal where it joins the vestibule; 4, exudate in niche of oval window; 5, head of stapes; 6, long process of incus; 7, malleus.
CONCLUSIONS.
(1) Meningitic neuro-labyrinthitis is a frequent cause of deafness and deaf-mutism.
(2) Deafness due to epidemic cerebro-spinal meningitis is certainly due to mneningitic neuro-labyrinthitis. Measles and pneumonia may also be followed by meningitis, and secondary neuro-labyrinthitis. In acquired syphilis and mumps leptomeningitis is of common occurrence and is associated with inner ear deafness, which is probably to be explained by neuritis or neuro-labyrinthitis (no microscopic examination as yet). Certain cases of deafness after influenza and osteomyelitis may also be of meningitic origin.
(3) The original source of-infection may be in the respiratory tract, parotid gland, genital organs,-long bones, or elsewhere.
(4) A blood infection (septicaemia) probably in all cases forms the connecting link between the primary disease and the onset of meningitis.
(5) Meningitic neuro-labyrinthitis is usually but by no means always bilateral. The onset is usually sudden. Irritative symptoms, such as tinnitus and giddiness, are often present but may not be observed owing to the mental condition (coma) of the patient. In epidemic cerebro- E. B., pneumonia and meningitic labyrinthitis. Section 275, x 9 diam. 1, tympanic cavity with slightly swollen mucosa on promontory; 2, seropurulent exudate in niche of round window; 3, endolymphatic space of ampulla of posterior canal, normal; 4, exudate in perilymph space; 5, jugular bulb; 6, exudate in perilymphatic aqueduct. spinal meningitis and parotitis, deafness usually occurs early in the course of the disease.
(6) Deafness due to meningitic neuro-labyrinthitis may be associated with other metastatic lesions, e.g., orchitis, arthritis, mastitis, blindness or paralysis of the oculo-motor nerves.
(7) The infection usually passes along the subarachnoid space from the base into the internal auditory meatus and then along the nerves and vessels to the labyrinth. In some cases the perilymphatic aqueduct is the route of invasion, while in others both paths may be involved.
(8) As a rule both the cochlear and vestibular apparatus are affected. Frequently the cochlear apparatus is the one mainly or alone involved; rarely do we have a more or less isolated affection of the vestibular apparatus.
(9) The pathological changes producing the deafness mnay be: (a) hydrocephalus; (b) changes in the walls of the fourth ventricle; FIG. 18. E. B., pneumonia and meningitic labyrinthitis. Section 295, x 6 diarn. 1, external meatus; 2, tympanic membrane (the epidermic layer is peeling off); 3, lower part of tympanic cavity, healthy; 4, carotid canal; 5, jugular bulb; 6, thin bony wall separatiing ampullary end of posterior canal from jugular bulb; 7, perilymyh space of posterior canal with exudate; 8, exudate in sinus tympani.
(c) purulent infiltration of the eighth nerve with subsequent descending neuritis accompanied by atrophy of the spiral ganglion cells and Corti's organ; (d) purulent labyrinthitis which, if the patient lives long enough, is followed by the formation of granulation tissue and, later, of new connective tissue and *bone in the hollow spaces of the labyrinth.
(10) The resulting deafness is as a rule complete and permanent in the ear (or ears) affected.
(11) Vestibular symptoms (loss of balancing and waddling gait) pass off rapidly in adults, but in young children they may last as long as one year.
(12) In cases of sudden nerve deafness with or without vestibular symptoms lumbar puncture should be performed and the cerebro-spinal fluid examined chemically and microscopically. The Wassermann reaction of the fluid should also be tested and cultures made.
(13) Repeated lumbar punctures are of use in treatment, especially in cases of deafness due to hydrocephalus. Small doses of potassium iodide and hypodermic injections of pilocarpin have been used in the treatment of meningitic neuro-labyrinthitis, but apparently without success.
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is much more common than is blindness. If the deafness were due to the effect of the changes in the meninges, why should there be that difference?. Is not the optic nerve as liable to be damaged by the activity of the microorganism, or by the inflammatory change, as the seventh and eighth nerves ? I think, therefore, Mr. Fraser's suggestion is more probably correct than the ordinary view that it was due to the effect on the auditory nerve in its course through the cranium. Mr. H. J. BANKS-DAVIS: Does Mr. Fraser think any child could recover from a suppurative labyrinthitis and live?
Dr. URBAN PRITCHARD: I was going to ask the same question as Dr. Banks-Davis has put. If you stop short of suppuration, I think his explanation is correct. If there is suppuration there, I do not see how the patient can live.
Mr. C. E. WEST: We constantly see cases become sterile and cease to suppurate in all localities. In the mastoid we see old collections of fluid whioh have been purulent and are now sterile, all that is left being the residue of the former purulent process. That is suppuration in a closed space, similar to thatiof the labyrinth. My idea is that these cases are, in the histological sense, suppurative labyrinthitis, and there is a complete resolution of the process, but, of cpurse, with the destruction of all the elements in the structure of the internal ear. I would like to raise one small point as a aide issue. I was much interested in Mr. Fraser s specimens-and I would like to thank him personally very much for them-and in connexion with them he spoke of a chronic adhesive process in the middle ear. I am an agnostic about this process: I doubt that it exists. I think that what Mr. Fraser showed us are the residua of the foetal pad which occupies the middle ear. I think some may be post-suppurative processes, but many are mere residua.
Dr. DAN MCKENZIE: We feel very much indebted to Mr. Fraser for having added, by this contribution, to the laurels he has already gained in this section of our work: he is proceeding to put our knowledge on labyrinth diseases upon a sound pathological basis. It is remarkable that we have had to wait so long for that to be done. However, it is being done now. Some of the pictures shown to-day are really most beautiful, especially the enlarged one exhibiting suppuration of the cochlear canals: it is a wonderful piece of expert histological work. One or two points which Mr. Fraser raises in his paper are of practical interest. In one of the spictures he showed that infiltration of pus has taken place along the facial canal to some extent, I presume from within. In going through work dealing with facial paralysis, as I have been doing recently, the question has occurred to me-which I-shall be glad to have settled-whether meningitis is ever induced by middle-ear suppuration extending along the facial canal and meninges only, or is it riMt the case that those formerly reported as due to filtration along the facial canal are also cases in which there was labyrinth suppuration from without ? This, I think, is important, because it may be one of the routes by which meningitis may be induced from middle-ear disease. In most of the old records of meningitis attributed to this condition I have been struck by one or two facts: either that the condition of the labyrinth was not mentioned at all, or, if it was mentioned, the statement was ni&de that there was pus in the labyrinth. From this one would suppose that in many of the earlier cases, at all events, it is impossible to say whether the meningitis was actually induced by infiltration along the facial canal alone. If Mr. Fraser* can enlighten me as to this I shall be glad. In his description of the first case Mr. iFraser agrees that mumps deafness i~probably secondary to meningitis also. I think, however, it is the case that in-mumps deafness there is often unilateral deafness, whereas, presumably, the meningitic w7ould be bilateral. Another point concerns the vestibulaWr reaction in mumps deafness. In most cases it has been present. If there were meningitis affecting the cochlear branch of the eighth nerve, it would also probably affect the vestibular branch, and there would be absence of the reaction from the vestibular side.
The question of vestibular reaction and deaf-mutism has been considerably gone into abroad, and I understand Mr. FEraser is going through that work himself.
Dr. P. WATSON-WII,LIAMS: WVe cannot see Mr. Fraser's specimens and hear his reports without learning something: certainly I have learned a great deal. We are very grateful to him. One of the points which impressed me was the suggestion that deaf-mutism might be attributed to a suppuration involving the labyrinlth in the way he has described. And the question arises as to how far these children might recover, even if the condition was suppurative. Now, " suppuration " is -a relative term: even when there are proportionately few polymorphs it is still, pathologically, suppuraUtive, though macroscopically there might not be much turbidity, and if it is right to assume that aJ slightly suppurative meningitis may recover, one ought to remember that, and not regard suppurative meningitis as necessarily past recovery, in which case treatment is not likely to be energetically pursued. I think such caJses do recover, even without the aid of the more recent therapeutic methods, but a greater number would probably recover if wve were not so disheartened by the prospect before us. I remember a case in which I was agreeably surprised. Before 1 had time to investigate the case fully, he developed symptoms of suppurative meningitis. I did a labyrinthectomy, opening up the external semicircular canal and the cochlea. He had a well-marked suppurative meningitis. I had given up hope, hut repeated lumbar puncture and the use of colloxidoL silver, intravenously and intrathecally, produced a very happy recovery. If we do not look upon these cases as hopeless, but carry on active therapeutic measures, and all the resources at our disposal, more children will recover, even if it be as deaf-mutes.
Mr. STUART-LOW: I have been much struck by the num'ber of such cases as Mr. Fraser mentions in the large clinics at the Central London Throat, Nose and Ear Hospital, where I' worked with Dr. Grant for years, and we have always paid special attention to them. I always made a point of taking the cases into the hospital, and tried to do my best for them, never despairing of doing some good. I have often performed a cortical mastoid operation, sometimes having been pushed to do so by the urgent request to "do something." This in some instances has had the effect of giving relief by draining the ear and setting up a better circulation, even if it did not directly affect the labyrinth. I also often gave repeated small doses of mercury, and have had the cases brought to me afterwards with a large degree of deafness, but this has sometimes improved on the small doses of mercury given for a long period. I would go a step further than Mr. Fraser and ask the route by which the organisms obtain access to the labyrinth. We know the pathological products are often pushed in, so to speak, from the meninges, but does not the infection originally get in through the Eustachian tube and the middle ear? I am a strong believer in the occurrence of fugitive, evanescent otitis media whioh occurs sometimes without symptoms, and I think it is then that the invasion of the labyrinth takes place.
Mr. SYDNEY SCOTT: I feel much interested in Mr. Fraser's communication, especially in reference to the question' whether the infection in the labyrinth originated in the meninges or in the middle ear. In the sections from the children's ears, Mr. Fraser demonstrates the infection in progress in the fossula rotunda. I think it would be difficult to accept the view that the infection spread to the middle ear from the meninges without clinical evidence, which was perhaps wanting in these young infants. It is possible that in these cases the infection in the middle ear vvas the circumscribed and unresolved part of a widespread otitis media, which preceded the meningitis. Mr . FRASER (in reply): In answer to Mr. Banks-Davis, I do not see why a child with suppurative labyrinthitis should not live. I agree with what Mr. West said about the disease or infection dying out. If an adult can recover from a purulent infection of the pia arachnoid, why should not a patient be able to recover from a purulent inflammation of the labyrinth ? Surely infection in the subarachnoid space is in a much more vital place than when it is in the labyrinth. Many deaf-mutes have survived both purulent meningitis and purulent labyrinthitis of meningitic origin. Remarks have been made about what I called a " chronic adhesive process." What I meant was, that those were post-suppurative conditions. Perhaps " cicatrized tympanum " would be a better term. I believe the first of the patients had had a middle-ear suppuration, and that this had passed off and left these " chalk patches " in the tympanic membrane and adhesions in the tympanic cavity. With Dr.
McKenzie, I do not think that infection from the middle ear passes along the facial canal and .-causes meningitis. I should say that when the labyrinth becomes infected from the subarachnoid space the internal meatus is the most common route, secondly the aqueduct of the cochlea. I think infection of the meninges from simple mastoiditis can occur via the vessels of the fossa subarcuata from the inner wall of the mastoid antrum. The veins and probably also lymphatics pass beneath the dome of the superior canal and through the fossa subarcuata. I have seen cases of mastoiditis and meningitis in which there was no labyrinthitis and no extradural abscess, and apparently no other route of infection. There was tremendous engorgement of these veins in the fossa subarcuata. Dr. McKenzie said he could hardly understand how a unilateral suppuration of the cochlea could be of meningitic origin, but I think we know that even after epidemic cerebro-spinal meningitis, where the infection certainly comes from the meninges, the deafness is not always bilateral, though usually it is. Hitherto there has been, so far as I know, no microscopical examination of the inner ear in a case of mumps deafness. Dr.
Watson-Williams spoke of operation in cases of meningitis. In Dr. Turner's clinic in Edinburgh we operate on practically all our cases of purulent meningitis, except on those in which the patients are moribund-e.g., where a brain abscess has already burst into the lateral ventricle. Dr. Turner has recorded about seven cases of cure of purulent meningitis after operation. I have had one such case myself. With regard to the route of infection, Mr. Sydney Scott thought my last case might have had fugitive otitis media, and that the infection AlI lingered in the region of the round window, and passed into the cochlea. I do not agree with him. I have already recorded in the Journal of Laryngology (June, 1914) a case of acute suppurative otitis media with labyrinthitis and meningitis with rupture of the tympanic membrane. In that case the infection was obviously coming from the tympanic cavity: one could see the pus cells making their way into the vestibule round the margin of the stapes and into the cochlea, through the round window. The appearanees were very different from those in the last case I showed. I think a parallel to the present cases is to be found in swelling of the cheek in association with an inflamed tooth. With labyrinth suppuration of meningitic origin there is a little congestion and swell in the tympanum at the place where, the labyrinth comes closest to the middle ear-namely, the round and oval windows. I think that is all there was present in these cases. Some German and Austrian observers have even recorded cases in which there has been a bursting outwards of the pus from the labyrinth through the oval window into the tympanic cavity. In this way middle-ear suppuration may -arise as a result of labyrinthitis o meningitic origin.
